Objective: We assessed the relationship between diabetes mellitus (DM) and measures of worker productivity, direct health care costs, and costs associated with lost productivity (LP) among health care industry workers across two integrated health care systems. Methods: We used data from the Value Based Benefit Design Health and Wellness Study Phase II (VBD), a prospective study of employees surveyed across health systems. Survey and health care utilization data were linked to estimate LP and health care utilization costs. Results: Mean marginal lost productive time per week was 0.56 hours higher for respondents with DM. Mean adjusted monthly total health care utilization costs were $467 higher for respondents with DM. Conclusion: The impact of DM is reflected in higher rates of LP and higher indirect costs for employers related to LP and higher health care resource use.
T he economic impact of diabetes mellitus (DM) from both increased health care use and lower workforce participation and productivity is estimated to be US $245 billion per year. 1 Although more attention has been paid to increased health care costs attributed to diabetes, one-third or US$69 billion of the annual cost of diabetes is due to lower workplace productivity 1 attributable to complications related to diabetes. [2] [3] [4] [5] [6] Several previous studies using patient-reported outcomes including functional status and productivity, both from national and site-specific survey data sources, have compared productivity among respondents with and without diabetes. Among respondents with diabetes experiencing hypoglycemic events, [7] [8] [9] [10] [11] [12] diabetes, including complications from diabetes and diabetes treatment, is associated with lost productivity and increased medical costs. Little is known about how these patient-reported outcomes relate to variation in health care utilization and costs.
Estimating rates of absenteeism (not coming to work) and presenteeism (coming to work while ill) among workers with and without diabetes can further quantify the impact of diabetes on productivity loss in the U.S. workforce. Health care workers are particularly susceptible to absenteeism; the Bureau of Labor Statistics (BLS) reports health care and social assistance occupations had the highest absence rates among all private sector occupations in 2015. 13 Presenteeism can be a predictor of future absenteeism events and may also predict more intensive use of health care services. 14, 15 Prior research has shown higher rates of presenteesim among workers in the health care industry than other occupations, 16 and higher rates of presenteeism than absenteeism among workers in the health care industry. 16, 17 The purpose of this paper is to assess the relationship between diabetes and measures of worker productivity, direct health care costs, and costs associated with lost productivity among health care industry workers. We linked survey data on self-reported productivity loss (absenteeism and presenteeism), patient demographics, self-reported health behavior, with detailed data on health care utilization, to further investigate costs associated with diabetes.
METHODS
Our study population was employees of the Kaiser Permanente Regions of Colorado (KPCO) and Kaiser Permanente Regions of Washington (KPWA) (formerly Group Health Cooperative) who enrolled in the Value Based Benefit Design Health and Wellness Study Phase II (VBD). Each health care delivery and finance system employs between 7000 and 9000 individuals in both clinical and administrative roles. KPCO and KPWA are integrated health systems serving managed care patient populations of approximately 650,000 patients annually.
Our study was part of a larger research project examining the impact of value-based insurance and incentives for health promotion programs among Group Health and KPCO employees, which has been described in detail elsewhere. 18 In support of this larger research, a random sample of administrative and nonphysician clinical employees received a survey in the winter and spring of each year between 2010 and 2013. Physicians received a different benefit package than other employees and were therefore excluded from the study.
We report analyses based on responses to the 2010 administration of the survey, during which cross-sectional productivity outcomes and health care utilization costs are calculated. Study participants were asked to provide consent for the research team to access their medical records, and for those individuals who agreed, we linked survey data with information on diagnoses made at all health care encounters and pharmacy dispenses for prescription drugs as well blood pressure measurements taken at outpatient visits and recorded in the electronic medical record in use at all Group Health outpatient facilities was captured. The Institutional Review Boards in both regions approved the study design and all project materials.
Annual Survey
The survey was administered in the following way: randomly selected employees received an email at their workplace address inviting them to participate in the study. Those who that did not decline to participate received a second email with a link to web-based survey that collected sociodemographic information, including age, gender, race, education, household income, marital status, height, and weight.
We measured workplace productivity using the Work Health Questionnaire (WHQ), a self-administered version of the Work and Health Interview (WHI). 19 As described elsewhere, 18, 20 the WHQ measures employees' ratings of their employment status, usual work time, missed full or partial workdays due to illness, and health-related lost productive time (LPT) on work days over a 2-week recall period. Absenteeism is measured as any healthrelated total or partial days an employee missed work. 20 Presenteeism is measured as an employee's reduction in performance while at work attributable to personal health, and is assessed using the average amount of lost work time attributed to working more slowly, lack of concentration, doing a job over, not working at all, and the time it takes to start working after first arriving to work. The WHQ translates presenteeism into hours of lost productivity that-when aggregated with hours missed from work (absenteeism) -provides a measure of total LPT due to personal illness per employee.
Human Resource (HR) and Electronic Health Record (EHR) Data
For survey respondents who provided consent, survey data were linked to the individual's human resource (HR) and electronic health record (EHR) data. HR data included information on employment history, compensation, and health plan benefits enrollment and coverage. Health record data included detailed health care utilization (all diagnoses and procedures coded in the EHR and from external claims), pharmacy dispenses, and over-the-counter fills for prescription drugs.
EHR data from each site were formatted in the Virtual Data Warehouse (VDW), 21 which is the common data model for participating sites in the Health Care Systems Research Network (HCSRN). 19 Respondents' health care utilization data were gathered from the VDW from January 1, 2006, to December 31, 2013 . For the purposes of these analyses, we limited our EHR data to January 1, 2010, to December 31, 2013, and established a baseline period for respondents in 2010.
Diabetes Mellitus
To compare the difference in workplace productivity among respondents with and without diabetes, we created a binary exposure variable using the Surveillance, Prevention, and Management of Diabetes Mellitus (SUPREME-DM) consortium 22 definition, described in detail elsewhere. 23 Briefly, respondents were classified as having DM in the 2010-baseline period if they had one inpatient International Classification of Disease, 9
th Revision Clinical Modification (ICD9) diagnoses code (250.XX, 357.2, 366.41, and 362.01-362.07); or any combination of two or more of the following events January 1, 2009, through December 31, 2009 : (1) HbA1c concentration at least 6.5% (!48 mmol/mol); (2) fasting plasma glucose concentration at least 126 mg/dL (!7.0 mmol/L); (3) random plasma glucose concentration at least 200 mg/dL (!11.1 mmol/L); (4) an outpatient diagnosis code for diabetes (from same ICD9 diagnosis codes in inpatient setting); and (5) a prescription fill for antihyperglycemic medication. Individuals could have two of the same criteria count as a diagnosis for DM (ie, two HbA1c concentrations !6.5%), provided they occurred on different dates.
Workplace Productivity and Health Care Cost Outcomes
Workplace productivity was based on self-reported data from the 2010 VBD survey. We defined the following productivity outcomes: (1) absenteeism, defined as the number of work hours missed in the past 2-week recall period due to illness; (2) presenteeism, defined as the number of work hours in the past 2-week recall period with reduced efficiency attributable to illness, including lost work time due to a lack of concentration, doing a job over, working more slowly, not working at all, and the time it takes to start working after arriving at one's workplace 18 ; and (3) total LPT, defined as the sum of absenteeism and presenteeism. Each of these outcomes was analyzed both as continuous measures (number of hours) and as binary measures (''any'' lost productivity, defined as >0 hours per week lost).
We used the Standardized Relative Resource Cost Algorithm (SRRCA) 24 to assign costs to health service use contained in the VDW. The SRRCA uses standardized codes [eg, Current Procedural Terminology (CPT) Diagnosis-Related Group (DRG) and National Drug Codes (NDCs)] from VDW utilization data to link patient health care utilization with published Center for Medicare and Medicaid Services (CMS) 2013 fee schedules to assign costs. The SRRCA calculates monthly total utilization costs paid for each respondent. Total utilization costs for the current analysis were defined on the basis of health care utilization data extracted from the EHR for all care encounters occurring over a 4-year period, from the baseline period of January 1, 2010, through study follow-up of December 31, 2013. Follow-up for health care utilization was censored at disenrollment from the health plan, or withdrawal from the study.
Statistical Analysis
We used Chi-squared tests for categorical variables and t tests for continuous variables reported as means to compare clinical, demographic, self-reported survey responses, and employment information between respondents with and without DM. We computed adjusted marginal means and mean differences from generalized linear regression models (GLMs) with an identity link and normal errors to compare the mean number of hours reported for each lost productivity outcome measure between respondent exposure groups. We used logistic regression models to estimate crude and adjusted odds ratios (ORs) for each binary productivity outcome variable, comparing respondents with and without DM.
The following covariates were included in the final adjusted linear and logistic models: age, gender, race, ethnicity, annual household income, marital status, number of children less than 18 years of age, union membership, work environment (clinical or administrative), work schedule (including days worked per week and hours worked per day), coinsurance, smoking status, selfreported physical activity, and total number of years enrolled in health plan. These measures were selected a priori for inclusion in adjusted models, as they were hypothesized to be important potential confounders, related both to diabetes status and to measures of lost productivity and/or health care utilization and costs.
GLM repeated measures with a gamma distribution and log link were used to estimate differences in monthly total costs between respondents with DM and respondents without DM over the 2010 to 2013 study period. 25, 26 We used the same covariates in the adjusted productivity outcome models for the adjusted cost analyses.
We estimated employer perspective (health care system) total annual indirect costs from lost productivity due to DM per 1000 employees, using the estimated difference in average hours per week of absenteeism, presenteeism and LPT of respondents in the 2010 survey, a diabetes prevalence rate of 7.2%, and mean BLS 2014 hourly wage estimates from HR-provided job titles for survey respondents. Total annual indirect costs were inflated to 2016 $US at a 3% discount rate.
Data aggregation and analyses using the SRRCA was conducted using SAS 9.2. Subsequent outcomes and cost analyses for this paper were conducted using SAS 9.4 (SAS Institute, Cary, NC). Table 1 summarizes our VBD survey respondent sample, stratified by patients with and without DM. 27 Across GHC and KPCO, there were 3891 respondents to the baseline survey in 2010 who consented to have both their HR and medical record data included in the study. Of these, 174 were missing gender, age, annual household income, or work schedule/full-time equivalent information at the time of the survey and were excluded from the analysis, resulting in an analytic sample size of 3717 respondents. Within this cohort, 266 (7.2%) were identified as having DM at baseline based on SUPREME-DM classification. Compared with respondents without DM, respondents with DM were more likely to be older, non-white Hispanic, report higher rates of divorce or separation from a spouse, lower annual household income, higher rates of union membership, and longer periods of health plan enrollment.
RESULTS
Respondents with DM reported higher rates of current or prior smoking history. Average monthly medical costs at baseline (2010 utilization data) were $1298 and $636 for respondents with and without DM, respectively. Table 2 presents the marginal mean by DM status and adjusted difference between groups for the hours lost per week for each of the productivity outcomes. The adjusted difference between groups was 0.14 hours [95% confidence interval (95% CI) À0.38 to 0.65; P ¼ 0.6] for absenteeism, 0.42 hours (95% CI 0.17 to 0.67; P < 0.01) for presenteeism, and 0.56 hours (95% CI À0.05 to 1.17; P ¼ 0.07) for lost productivity due to illness.
Productivity Outcomes
Crude and adjusted ORs of binary productivity outcome measures are listed in Table 3 . Respondents with DM were at an increased odds for missed productivity due to presenteeism [adjusted OR 1.77 (95% CI 1.36 to 2.31); P < 0.001)] and LPT [adjusted OR 1.54 (95% CI 1.17 to 1.99); P < 0.001]. Table 4 summarizes the unadjusted and adjusted mean monthly total direct health care utilization costs (derived from the SRRCA) over the 2010 to 2013 study period for respondents with and without DM. Respondents with DM had significantly higher unadjusted monthly costs than respondents without DM ($1230 vs $634; P < 0.001). After controlling for clinical, demographic, and employment characteristics, monthly health care costs remained about double among those with DM ($1007 vs $539; P < 0.001), with an estimated adjusted mean difference of $468 (95% CI $351 to $621). Table 5 summarizes the results of the analysis of the cost of lost productivity due to diabetes, from the employer perspective. For those with diabetes, relative to those without diabetes, see Table 2 . Based on a population of 1,000 employees, with a 7.2% prevalence of diabetes. 
Cost Analyses
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Total annual productivity hours lost (for employees with diabetes, relative to those without) for a large employer (1000 insured beneficiaries) were 524.2, 1572.5, and 2096.6 hours of absenteeism, presenteeism, and total LPT, respectively. Using an average hourly wage of $32.81, these lost productivity estimates translate to total annual indirect costs of approximately $15,738, $47,215, and $62,953 due to absenteeism, presenteeism, and LPT, respectively for 1000 insured employees.
DISCUSSION
Our goal was to characterize costs of health care services and lost workplace productivity associated with DM among a health care employed population by linking several unique, comprehensive data sources, including employment characteristics, BLS wage/salary information, survey data, and EHR and claims data. After adjustment for demographic and employment characteristics, a DM diagnosis does not increase the odds of absenteeism. Therefore, DM is not an independent predictor of time away from work for illness. Similarly, many studies utilizing both self-reported absenteeism measures and calculated absenteeism from administrative databases show no significant association between DM and absenteeism. 6, 28 Other studies have found DM to be associated with lost productivity among employees with other chronic conditions, including depression, [28] [29] [30] hypertension, 6 and obesity. 10, 31 Compared with individuals without DM, those with DM had an increased odds of reporting any lost productivity (LPT), due to significantly higher odds of lost productivity due to presenteeism. Our results are consistent with prior studies that have shown health care industry workers report higher rates of presenteeism than absenteesm. 5, 16, 28 Individuals with DM had significantly higher mean total monthly health care costs than respondents without DM. After controlling for clinical, demographic, and employment characteristics, total average monthly health care costs were $467 higher (approximately 1.9 times higher) for respondents with DM than respondents without DM. These results are consistent with other research. The American Diabetes Association (ADA) found that individuals with DM incur, on average, $9600 (approximately 2.3 times) the annual medical expenditure compared with individuals without diabetes. 1 Pagano et al 32 observed excess health care costs among individuals with diabetes compared with those without diabetes, largely due to the presence of complications associated with DM. In a matched cohort study of adults in Ontario, Canada, Rosella et al 33 have shown annual health care costs among individuals with incident DM are approximately C$10,000 higher than patients without diabetes. This study highlights individuals with and without DM working in health care settings experience comparable differences in health care costs, controlling for specific employee characteristics unique to the VBD survey.
Across our two large health care employee groups, in addition to the increased medical costs, total corporate indirect costs of lost worker productivity associated with DM can exceed $60,000 annually across a workforce of 1000 insured employees. Several studies have shown that lifestyle interventions, including universal screening, obesity prevention, and other targeted interventions are cost-effective in reducing health care expenditure related to DM. 34 Taken together, these results suggest that employers may benefit financially from investing in prevention and/or care management programs for employees with DM, along with the potential improvements in workforce health and productivity.
LIMITATIONS
There are several limitations to our data structure and analytic approach. First, selection bias may have occurred among respondents who chose to participate in the VBD survey, resulting in a nonrandom sample of the employee populations at KPWA and KPCO.
Because of the high correlation of diabetes and obesity rates among respondents, BMI and obesity measures were not included in the models. Additional comorbid conditions, while available in the VDW, were not captured in these analyses, limiting our ability to control for potential confounders that may influence the relationship between DM, total health care costs, and worker productivity outcomes.
Another limitation is that self-reported data, which require respondents to remember past events, have inherent recall bias. This study relied heavily on self-reported data, including measures related to and health-related absenteeism, presenteeism, and loss productivity events. While the recall period was only 2 weeks, misclassification of self-reported productivity outcomes is possible.
The SRRCA calculates relative cost estimates rather than absolute. 24 Further, the SRRCA does not capture indirect health care costs, including opportunity costs associated with obtaining care or measures of patient out of pocket costs. However, the utility of the SRRCA for our analysis is the relative cost estimates allow for comparisons within and across systems. 24 The relationship between absenteeism and presenteeism is more nuanced than presented in our research. Presenteeism is increasing among the US workforce, 35 and many occupational, demographic, and economic factors influence employee decisions to elect to take a sick day versus coming to work sick. 27, [35] [36] [37] Although workers in the health care industry are more likely to report events of presenteeism than absenteeism, 5, 16 studies have shown that presenteeism can be correlated with future absenteeism. 14, 15 Further research should include methodologies to examine additional factors influencing presenteeism and absenteeism outcomes among employees in the health care industry and others.
CONCLUSION
Our results suggest that health care employees with DM may experience higher rates of presenteeism and lost productivity while working than respondents without DM. Employees with DM incur significantly greater health care costs than employees without diabetes. Linking patient reported data on worker productivity outcomes to clinical and HRs data provides a detailed understanding of the association between diabetes and both productivity loss and health care costs among employees of two large, managed care organizations.
